Two field experiments were conducted on a clay soil at El-Gemmeiza Agricultural Research Station, , Egypt during growing 2015 and 2016 seasons, to find out the proper irrigation interval and the effect of Nano and natural materials in reducing the negative effect of water stress on cotton leaves chemical composition of the Egyptian cotton cultivar Giza 86 through study the effect of three Nano-materials treatments (without, 7.5g/L lithovit and 1 cm 3 /L amino mineral) and three natural materials treatments (without, 200 ppm salicylic acid and 5cm 3 /L humic acid) under three irrigation intervals (every14, 21 and 28 days) as well as their interactions. Each experiment contained three separate experiments represented the three irrigation intervals; i.e. every 14, 21 and 28 days. Also, the combined analysis between the three experiments was done. The two other factors distributed in each experiment in a strip plot design with four replicates, where the horizontal plots were assigned to the foliar of Nanomaterials and the vertical plots contained natural materials treatments. Results showed that: The highest percentages of N, P and K in leaves were obtained from irrigation interval of 21 days followed by irrigation interval of 28 days. Also, irrigation intervals exhibited significant differences in leaves concentrations of photosynthetic pigments i.e. chlorophyll a and total chlorophyll, total carbohydrates and total sugars in both seasons and chlorophyll b and carotenoids in the 2 nd season only, under irrigation interval of 21 days. The minimum values of leaves proline concentration, peroxidase and phenoloxidase activity in cotton leaves were obtained from irrigated every 21 days which induced favorable conditions and reduces water stress effect. Foliar CO 2 as a Nano fertilizer (in the form of lithovit) three times at a rate of 7.5g/L significantly increased percentage of N, P and K in leaves and leaves concentrations of photosynthetic pigments such as chlorophyll a, chlorophyll b, total chlorophyll and carotenoids, leaves total carbohydrates and total sugars contents in both seasons. Also, it significantly decreased leaves proline content, peroxidase and phenoloxidase activity which indicates favorable conditions and reduces water stress effect; however untreated plants recorded the highest values. Foliar feeding with 5 cm 3 /L humic acid three times significantly increased percentage of N, P and K in leaves, values of leaves concentrations of photosynthetic pigments i.e. chlorophyll a, chlorophyll b, total chlorophyll and carotenoids, total carbohydrates and total sugars followed by using salicylic acid as foliar spraying at a rate of 200 ppm and the least values were obtained from untreated plants (without natural materials application) in both seasons. In contrary, applying 5 cm 3 /L humic acid results recorded the lowest values of proline content, peroxidase and phenoloxidase activity in leaves in both seasons followed by applying salicylic acid at a rate of 200 ppm. Plants irrigated every 21 days which received CO 2 as a Nano fertilizer at a rate of 7.5 g/L in combination with 5 cm 3 /L humic acid led to a significant increase in P, K, total sugars and total carbohydrates concentrations in leaves compared to the other interaction treatments; however, cotton plants irrigated every 14 days without application with Nano or natural treatments produced the lowest concentrations. Also, plants irrigated every 21 days which received CO 2 as a Nano fertilizer at a rate of 7.5 g/L in combination with 5 cm 3 /L humic acid gave the lowest values of proline content, peroxidase and phenoloxidase activity in cotton leaves in the first season, which induced proper conditions for plant growth and reflect on reduce water stress effect. It could be concluding the irrigation cotton plants every 21 days in combination with foliar CO 2 as a Nano fertilizer (in the form of lithovit) at a rate of 7.5g/L and foliar feeding spraying with 5 cm 3 /L humic acid three times (at the squaring stage, flowering initiation and at the top of flowering) to overcome the water shortage at the end of water sources (canals) as well as when water scarcity becomes wide spread, where this combination is the best treatment for good leaves chemical composition under the conditions of El-Gemmeiza location.
INTRODUCTION
Egyptian cotton occupies a privileged position among field crops, it is a strategic crop plays an important role in the Egyptian national income for three main reasons:(1)-It is not only for high-quality recipes, but also for the stability of its presence overseas markets for long periods given stable textile industries based upon those markets in the first crop exporting to fame in the markets, (2)-It is a mainstay of Egypt's most important industries (textile industry, textile and garments) in addition to its important for the production of food and oil, earning sources and (3)-The cotton production is very important for its socio-economic value in the country.
It is well known that water is an essential component of plant life Therefore, if the water content falls below the optimum level many of the physiological activities are impaired. However, the plants use water for transpiration usually account 99% of the water use by the plant where transpiration generally occurs whenever stomata are open. The plants extract water from the soil to replenish water that lost by transpiration. The equilibrium important between water absorption and water lost by transpiration is very important to keep the cotton plants avoid the water stress condition through the day light. Water stress due to lack of water around the roots or high temperature causes plant water deficits, that reduce cell 'turgor causing closure of stomata and reduction in cell enlargement which reducing both of leaf surface and the photosynthesis per unit of leaf area. Further reducing results in the damage of photosynthetic machinery. Water stress is the most influential factor affecting crop yield particularly in irrigated agriculture in arid and semi-arid regions, it is necessary to get maximum yield in agriculture by using available water in order to get maximum profit from unit area because existing agricultural land and irrigation water are rapidly diminishing due to rapid industrialization and urban development. The use of irrigation strategies is fundamental to save more water without putting at risk crop yield (Jalota et al., 2006 and Pereira et al., 2009) . Tang et al. (2005) obtained excellent results in cotton yield by managing water deficits during plant development and saving water during irrigation. Saving water in irrigated areas is the definition of the suppression of irrigation correctly promoting the physiological seasoning of plants without compromising yield.
Optimizing irrigation management due to water scarcity together with appropriate crops for cultivation is highly in demand; the cost of irrigation pumping and inadequate irrigation scheme capacity as well as limited water sources is among the reasons that force Egypt to reduce irrigation applications. Several strategies have been proposed to alleviate the degree of cellular damage caused by abiotic stress and to improve crop tolerance. Among them, the applications of natural materials such as humic acid and salicylic acid.
The potential of the humic acid to supply nutrients; hormones and capable of mobilizing nutritive elements from no usable form to usable form through biological processes which simulates cell division and enlargement as well as the synthesis of protein, nucleic acid in addition, to its capability in induction of endogenous hormones like GA 3 and IAA.
El-Sayed (2012) reported that humic acid (in the form of actosol) as a constituent of organic matter is considered to be relatively rich nutritional source, where it contained the essential elements needed for cotton plant growth (N, P, K, Mg, Ca, Cl, Fe, Zn, Mn, Cu, and B). Applying humic acid as foliar spraying at a rate of 5 cm 3 /l three times at 40, 55 and 70 days from sowing increase the efficiency of mineral NPK fertilizers rates and led to positive effect on growth.
Lithovit (a Nano CaCO 3 ) has been given much attention as a natural safety fertilizer which releases CO 2 which reflected in improving net photosynthesis and causes various promoted effect on plants. Attia et al. (2016) reported that foliar CO 2 as a Nano fertilizer in the form of lithovit enhanced cotton leaves chemical composition.
The natural and Nano-materials as foliar spraying through the growing season of cotton are a good tool to increase cotton plant tolerance and get the cotton plant to survive the water stress periods to continue vegetative and fruiting stages successfully. Every effort which contributes to avoid water stress and economic production of the crop should support cotton's position.
The objective of this study was to assess the effect of irrigation intervals and determine the proper interval and the probability of reducing the effect of water stress by using Nano materials i.e. lithovit (a Nano CaCO 3 ) and amino mineral as foliar application or natural materials i.e. humic acid and salicylic acid as foliar application or together with regard to the leaf chemical composition of the Egyptian cotton cultivar Giza 86 under the environmental conditions of ElGharbia Governorate and when water scarcity becomes wide spread.
MATERIALS AND METHODS
Two field experiments were conducted at ElGemmeiza Agricultural Research Station, El-Gharbia Governorate, Egypt in 2015 and 2016 seasons, to find out the proper irrigation interval and the effect of Nano and natural materials in reducing the negative effect of water stress through study the effect of three Nanomaterials treatments (without, lithovit and amino mineral) and three natural materials treatments (without, salicylic acid and humic acid) under three irrigation intervals (every14, 21 and 28 day) as well as their interactions on cotton leaves chemical composition of the Egyptian cotton cultivar Giza 86. Each experiment contained three separate experiments represented the three irrigation intervals; i.e. every 14, 21 and 28 days. Also, the combined analysis between the three experiments was done. The two other factors distributed in each experiment in a strip plot design with four replications, where the horizontal plots were assigned to the foliar of Nano-materials as follows: Without (control), foliar CO 2 as a Nano-fertilizer in the form of lithovit (7.5 g/L) and Amino mineral (1cm 3 /L). The vertical plots contained natural materials treatments of: Without, salicylic acid (200 ppm) and humic acid (5 cm 3 /l water). Nano and natural materials with the mentioned concentrations were sprayed three times (at the squaring stage, flowering initiation and at the top of flowering). The irrigation treatments were start after the second irrigation.
Natural CO2 as a Nano-foliar fertilizer in the form of Lithovit® (a Nano CaCO3) is a new top quality Nano technological fine powder created by tribodynamic activation and micronization. The different components of Lithovit® were illustrated in Table 1 . Amino mineral fertilizer product manufactured by Nanotechnology contains major and micro elements with amino acids as shown in Table 2 . Humic acid is the active ingredient of actosol product, the natural organic fertilizer, commercially known as potash actosol and manufactured by ARCTICK Inc, Chentilly, VA, USA. The different constituents of humic acid (actosol) were illustrated in Table 3 . Before sowing representative soil, samples were taken from the experimental soil sites in both seasons and prepared for analysis according to Jackson (1973) . The soil chemical analysis is shown in Table 4 . (Trifolium alexandrinum L.) in both seasons. The distance between hills was 25 cm with two plants/hill after thinning. Nitrogen fertilizer as ammonium nitrate (33.5 % N) was applied at the rate of 45 kg N / fed in two equal portions, the first portion was added after thinning (before the first irrigation), while the second portion was applied before the second irrigation. Potassium fertilizer was applied as soil application at the rate of 24 kg K 2 O as potassium sulphate (48 % K 2 O) before the first irrigation. The other standard cultural practices were followed in both seasons. Studied characters:-Leaves chemical composition: After 107 days from sowing a sample of 10 leaves (4 th upper leaf) was randomly taken from plants of each plot to determine mineral elements (Nitrogen was determined by microkjeldahl, phosphorus by spectrometer, potassium by flame photometer), photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll (chl. a + chl. b) and carotenoids) by spectrophotometer model 390, total carbohydrates and total sugars by spectrocolorimetrically as described by A.O.A.C. (1995) , proline concentration (Bates et al., 1973) and determination of enzymes activity (peroxidase activity in optical density/g, O.D./g fresh weight after 2 minutes according to the method described by Fehrman and Dimond, 1967 and phenoloxidase activity in optical density/g (O.D./g fresh weight after 45 minutes) was measured by using the method described by Broesh, 1954 in both seasons. Statistical analysis: The statistical analysis of the obtained data in the two seasons was done in each irrigation interval then the combined analysis for data from the three irrigation intervals was also done for each season according to Le Clerg et al. (1966) using M State-C microcomputer program and the treatments means were compared using LSD at 0.05 level of probability (Waller and Duncan, 1969) .
RESULTS AND DISCUSSION
Averages of N, P, K, photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll and carotenoids), total carbohydrates, total sugars and proline contents, peroxidase and phenoloxidase activity in cotton leaves as affected by irrigation intervals, Nano materials and natural materials as well as their interactions are shown in Tables 5-10 .
I-Effect of irrigation intervals:
Irrigation intervals exhibited significant differences in leaves concentrations of nitrogen, phosphorus, potassium, chlorophyll a, total chlorophyll, total carbohydrates and total sugars in both seasons and chlorophyll b and carotenoids in the second season only, where the highest values of these traits in consideration resulted from irrigating cotton plants every 21 days followed by irrigation every 28 days and at last irrigation every 14 days (Tables 5 and 6 ). Irrigation intervals had a significant effect on proline content, peroxidase and phenoloxidase activity in cotton leaves in both seasons with one exception with regard to proline content in the second season, where the effect was not significant in the second season (Table 6 ). The minimum values of these traits in consideration were obtained from plants which irrigated every 21 days. However, the maximum values were obtained from irrigated plants every 14 days followed by irrigating plants every 28 days without significant differences between these two intervals in phenoloxidase and peroxidase activity in fresh leaves in the first season.
The positive effect of irrigated cotton plants every 21 days on percentages of N, P and K, photosynthetic pigments, i.e. chlorophyll a, chlorophyll b, total chlorophyll and carotenoids, total carbohydrates and total sugars concentrations in leaves as compared with the other two irrigation intervals (every 14 and 28 days) is mainly due to that this period is proper for cotton cultivar Giza 86, where irrigation water applied less or more the optimum requirement of a crop adversely affects physiological and biochemical processes and results in limited absorption of the inorganic nutrients. In this concern, Garg (2003) reported that lowered absorption nutrients can result from interference in nutrient uptake and unloading mechanism and reduced transpiration flow. 
2-Effect of Nano-materials:
Nano materials treatments which included lithovit, amino mineral and control (untreated) significantly affected leaves concentrations of N, P, K, photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll and carotenoids), total carbohydrates and total sugars in both seasons (Tables 5 and 6 ), in favor of plants which received CO 2 as a Nano fertilizer as foliar spraying three times at a rate of 7.5g/L followed by those received amino mineral at 1cm 3 /L. However, the lowest concentrations of these traits were obtained from the control treatment (without Nano materials application). In relation to proline content, peroxidase and phenoloxidase activity in leaves, Nano materials treatments gave significant effect in both seasons, in favor of lithovit where it significantly decreased these traits in consideration which indicates favorable conditions and reduces environmental stress effect (Table 6 ). However untreated plants recorded the highest values of these traits. The application of more CO 2 can increase plant water use efficiency and result in less water use (Prior et al., 2011) . Elevated CO 2 stimulates photosynthesis leading to increased carbon (C) uptake and assimilation, thereby, as increasing total carbohydrates and total sugars concentration in leaves. However, as a result differences in CO 2 use during photosynthesis, plants with a C 3 photosynthetic pathway often exhibit greater growth response relative to those with a C 4 pathway (Rogers et al., 1997; Prior et al., 2003 and Prior et al., 2011) . The positive effect on leaf chemical composition due to lithovit application as compared with amino mineral and control or due to amino mineral application as compared with control could be explained on the basis that: 1-Experimental soil being low in organic matter and available nitrogen (Table 4 ) and the supplied of lithovit or amino mineral provided leaves with NPK. 2-There are many factors that affect the availability of P in soils. The high clay content probably contributed to more fixation of P by clay minerals, leading to reduction of its availability (Mengel and Kirkby, 1987) , and consequently lowers leaf P content in untreated plants. Mg is an important Co-factor for the production of ATP (McCauley et al., 2009) . It is very important for plants to absorb phosphorus, 3-There are many factors that affect the availability of K in soils. The high clay content probably contributed to more fixation of K by clay minerals, leading to reduction of its availability (Mengel and Kirkby, 1987) , and consequently lowers leaf K content in untreated plants. 4-Such increases in chemical constituents as a result of foliar spray with lithovit or amino mineral may be due to their chemical constituents from macro and micro-nutrients (Tables 1 and 2 ) which affect positively on nutrient absorption and accumulation in plant cells. 5-A reference to Table 5 indicates that nitrogen, phosphorus and potassium percentages in leaves were significantly increased due to lithovit or amino mineral foliar application and thus improved flow of assimilates 6-A reference to Tables 1 and 2 indicates that nutrients content in lithovit or amino mineral were effective to increase photosynthesis pigments and enhance photosynthesis and hence more photosynthates. The superiority of using lithovit on reducing proline content, peroxidase and phenoloxidase activity in cotton leaves (which induced proper conditions for plant growth and reflect on reduce water stress effect) may be attributed to the role of it as a source of calcium and carbonate which reduced inside plant cell to form carbon dioxide which accumulate in cells and increased the rate of photosynthetic assimilation and consequently increased total sugars and total carbohydrates. In this concern, Attia et al. (2016) reported that leaves chlorophyll a, b, total chlorophyll, carotenoids, N, P, K and total carbohydrates contents were significantly increased by using Nano-fertilizer (lithovit) and the inverse was true in leaf peroxidase activity and proline content.
3-Effect of natural materials:
Natural materials i.e. control (without), 5 cm 3 /1 humic acid and 200 ppm salicylic acid exhibited significant effect on leaves concentrations of N, P, K, chlorophyll a, chlorophyll b, total chlorophyll, total carbohydrates and total sugars in both seasons and carotenoids in the second season only, where foliar feeding with humic acid (5 cm 3 /l) gave the highest values of leaves concentrations of these traits in consideration followed by using salicylic acid as foliar spraying at a rate of 200 ppm and the least values were obtained from untreated plants (without natural materials application). In contrary, applying 5 cm 3 /g humic acid resulted the lowest values of proline content, peroxidase and phenoloxidase activity in leaves in both seasons. The positive effect of salicylic acid in reducing leaves proline content, leaves peroxidase and phenoloxidase activity compared to untreated plants (control) is mainly referred to: 1-salicylic acid applied in satisfactory concentration may temporarily lower the level of oxidative stress in plants, which acts as a hardening process improving the antioxidative capacity of the plants and helping to induce the synthesis of protective compounds (such as carotenoids). Enhancement of the level of chlorophyll and carotenoid pigments, photosynthetic rate, carboxylase activity of Rubisco and modification of the activity of some of the important enzymes -these are the roles assigned to salicylic acid (Hayat et al., 2007) 2-Salicylic acid alleviated the effect of drought stress and increased leaves relative water content which related to the role of salicylic acid in accumulation of compatible osmolytes in plants subjected to drought stress. 3-Salicylic acid plays critical roles in plant including respiration, stomatal movement, photo morphogenesis, and senescence. It is more important that salicylic acid has been demonstrated to be messenger involved in signal transduction in response to biotic and a biotic stress (Clark et al., 2000) . The positive effect of salicylic acid on carbohydrates and sugars concentrations in leaves is mainly related to:
Salicylic acid spray application increased CO 2 uptake at chloroplast level rather than simple increases in stomatal opening, i.e. reduced resistance to entry of CO 2 in the leaves.
The positive effect of salicylic acid on photosynthetic pigments compared to control treatment is mainly due to that salicylic acid applied in satisfactory concentration (200 ppm as recommended by other researchers included El-Ashmouny, 2014) may temporarily lower the level of oxidative stress in plants, which acts as a hardening process, improving the antioxidative capacity of the plants and helping to induce the synthesis of protective compounds (such as carotenoids), Hayat et al. (2007) , also they reported that enhancement of the level of chlorophyll and carotenoid pigments are the roles assigned to salicylic acid. Vicent and Plasencia (2011) found that salicylic acid regulates the activities of various antioxidant enzymes such as, catalases, superoxide dismutases, and peroxidases etc., which induced plant defense against biotic and abiotic stresses and El- Ashmouny (2014) found that the highest values of carotenoids, total chlorophyll, chl. a and chl. b were obtained from the application of salicylic acid at 200ppm as compared with untreated plants. The positive effect on leaf chemical composition due to the foliar feeding with humic acid is mainly referred to: 1) Application of humic acid in the form of actosol through foliar spraying increased the uptake of macro and micronutrients. 2) Humic acid (in the form of actosol) enriched the leaves with appreciable amount of N, P, K, Cl, Ca, Mg, Fe, Zn, Mn, Cu and B (Table 3) . 3) Boron in actosol affects the translocation of nitrogen and phosphorus (Stanley et al., 1995) . In this concern, Ahmed et al. (2013) indicated that humic acid increased chemical constitutes either inorganic, N, P and K, while Na, Cl, Ca and Mg were decreased, or organic constitutes e.g. proline, total free amino acids, total sugars, total soluble phenols, chlorophyll a, b, total chlorophyll and total carotenoids and Rady et al. (2016) reported that plants received humic acid showed improved nutritional status and photosynthetic efficiency compared to untreated plants.
4-Effect of the interactions:
Irrigation intervals and Nano materials interaction gave a significant effect on N, K and total sugars concentrations in leaves in both seasons and on total carbohydrates concentration in the second season (Tables 5 and 6 ), in favor of irrigated cotton plants every 21days and sprayed with lithovit at a rate of 7.5 g/l. However, the lowest concentrations of these traits were obtained by plants irrigated every 14 days without Nano materials application (Table 7 ). This interaction gave insignificant effect on leaves photosynthetic pigments i.e. chlorophyll a, chlorophyll b, total chlorophyll and carotenoids contents in both seasons. The interaction of irrigated cotton plants every 14 days without Nano materials applications surpassed significantly the other interaction treatments and gave the highest values of proline content, peroxidase and phenoloxidase activity in cotton leaves in both seasons with an exception with regard to proline concentration in leaves, where this interaction gave a significant effect in the first season only.
Irrigation intervals and natural materials interaction had a significant effect on concentrations of nitrogen, phosphorus, total sugars and total carbohydrates in leaves in one season only (Tables 5  and 6 ), in favor of plants irrigated every 21 days and received humic acid at a rate of 5cm 3 /l. However, the lowest values resulted from plants irrigated every 14 days without application with natural materials. The interaction of irrigated cotton plants every 21 days and received humic acid as foliar spraying at the rate of 5cm 3 /1 gave the lowest values of proline content and peroxidase activity in cotton leaves in the first season (Table 8) .
The effect of the interaction between Nano materials treatments and natural materials treatments was significant with regard to N, P, chlorophyll a, chlorophyll b, total chlorophyll and total carbohydrates contents in leaves in both seasons and K, carotenoids and total sugars in leaves in the second season only (Tables 5 and 6 ). Data in Table 9 show that foliar CO 2 as a Nano fertilizer at a rate of 7.5 g/l and spraying humic acid at a rate of 5 cm 3 /l produced the highest values of these traits with one exception, where plants received lithovit and salsylic acid produced the highest value of chlorophyll b in the first season. However, untreated plants (without Nano or natural materials application) produced the lowest values of these traits in consideration with one exception, where untreated plants (without Nano materials application) which received salicylic acid at a rate of 200 ppm produced the lowest value of leaves carotenoids concentration. In the contrary, this interaction treatment gave the highest concentration of leaf proline in the first season and peroxidase and phenoloxidase activity in cotton leaves in both seasons. The second order interaction among irrigation intervals, Nano materials treatments and natural materials treatments had a significant effect on concentrations of P, K and total carbohydrates in leaves in 2 nd season (2016) and total sugars in the 1 st season (2015) as shown in Tables 5 and 6 . Data in Table 10 show that plants irrigated every 21 days which received CO 2 as a Nano fertilizer (in the form of lithovit) at a rate of 7.5 g/L in combination with 5 cm 3 /L humic acid led to a significant increase in P, K, total sugars and total carbohydrates concentrations in leaves compared to the other interaction treatments. However, cotton plants irrigated every 14 days without application with Nano or natural treatments produced the lowest concentrations. Also, plants irrigated every 21 days which received CO 2 as a Nano fertilizer (in the form of lithovit) at a rate of 7.5 g/L in combination with 5 cm3/L humic acid gave the lowest values of proline content, peroxidase and phenoloxidase activity in cotton leaves in the first season, which induced proper conditions for plant growth and reflect on reduce water stress effect. Photosynthetic pigments in leaves were insignificantly affected by this interaction in both seasons. The positive effect on leaf chemical composition due to the second order interaction, i.e. irrigation cotton plants every 21 days in combination with lithovit at the rate of 7.5g/L and foliar feeding spraying with 5 cm 3 /L humic acid three times (at the squaring stage, flowering initiation and at the top of flowering) is mainly referred to: The main role of macro and micro nutrients in lithovit or humic acid. In this regard, Reddy et al. (1997) found that photosynthesis increased due to doubled CO 2 under a range of water stress. Table 9 . Averages of nitrogen, phosphorus and potassium percentages, total sugars, total carbohydrates, chlorophyll a, chlorophyll b, total chlorophyll and carotenoids concentrations, peroxidase and phenoloxidase activity and proline content in leaves as affected by the interaction between Nano materials and natural materials. 
